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We report the complete genome sequence of Lactococcus lactis subsp. lactis KLDS4.0325, a probiotic bacterium isolated from 
homemade koumiss in Xinjiang, China. We have determined the complete genome sequence of strain KLDS4.0325, which con- 
sists of a chromosome and three plasmids and reveals genes that are likely to be involved in dairy fermentation and that have 
probiotic qualities. 
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f actococcus lactis is widely used in the production of fermented 
L food products, such as yogurt and cheese. Some L. lactis strains 
have been extensively characterized functionally to document 
their probiotic attributes ( 1-8). The I. lactis strains are subdivided 
into two lineages, L. lactis subsp. cremoris and L. lactis subsp. lactis, 
based on their genotypes and phenotypes. The strain L. lactis 
subsp. lactis KLDS4.0325 was isolated in 2007. It was shown to 
have a characteristic pattern of high-yield L-lactic acid, to produce 
folate and riboflavin, and to possess antibacterial and antifreezing 
properties. The complete genome sequence of strain KLDS4.0325 
was determined by whole-genome shotgun sequencing, using 
Sanger technology, of a clone library with an insert size of 500 bp. 
The genome was assembled using the SOAPdenovo software (9), 
and multiplex PGR was used to close the gaps and remove regions 
of low coverage (10). The software program Glimmer (11) and the 
RAST suite (12) were used to identify protein-coding genes and 
for gene annotation, respectively. 

The complete genome of strain KLDS4.0325 contains a single 
circular chromosome of 2,589,261 bp and three plasmids (plas- 
mid 1 [5.7 kb], plasmid 2 [2.1 kb], and plasmid 3 [2.7 kb]). The 
overall G+G content of the chromosome is 35.4%, with 2,662 
predicted open reading frames ( ORFs) , of which 1 ,3 1 0 were func- 
tionally classified. Sixty-two tRNA genes and 6 rRNA genes were 
also found. The G+G content of plasmids is 34.7%, with 212 
predicted ORFs (13). 

A comparative analysis of strain KLDS4.0325 and four other 
L. lactis genomes was performed using MUMmer (14), SplitTree4 
(15), and Mauve (16). Strain KLDS4.0325 shares 2,438 ORFs with 
I. lactis subsp. lactis IL1403, L. lactis subsp. lactis GV56, L. lactis 
subsp. lactis KF147, and L. lactis subsp. cremoris NZ9000, and 
2,215 ORFs have 80% sequence identity. A comparative genomics 
approach was performed to analyze proteolytic systems, the met- 
abolic pathways of amino acids, and the genes involved in the 
production of lactic acid, vitamin B complex, bacteriocin, and 
cold stress proteins. The results show that not only can this strain 
hydrolyze extracellular proteins, transport, and perform enzy- 
molysis efficiently, but the strain has the more complete enzyme 



systems of transamination and the deamination pathway. There- 
fore, the strain can metabolize related proteins and produce a 
series of flavor compounds. Otherwise, the strain possesses more 
key enzyme-coding genes involved in transport, sugar metabo- 
lism, and synthesis for L-lactic acid, folate, and riboflavin, and it 
has a gene cluster for wool sulfur antibiotic and two genes of cold 
stress proteins GspD and GspE. In addition, in a plasmid of strain 
KLDS4.0325, We found the bacteriocin-synthesis genes IsbA and 
IsbB and one hyaluronan synthase gene that has never been re- 
ported in other Lactococcus species; its homology with Enterococ- 
cusfaecalis ATGG 29200 is up to 95%. The presence of these genes 
encoding desirable traits that provide the theoretical basis for the 
strain can help in industrial fermentation, which has good com- 
mercial value. 

Nucleotide sequence accession numbers. The complete ge- 
nome of L. lactis subsp. lactis KLDS4.0325 has been deposited in 
GenBank under accession no. GP006766 (chromosome) and 
GP006767 (plasmid 1). 

ACKNOWLEDGMENTS 

This research was supported in part by the National Natural Science 
Foundation of China (no. 31171717), the National 863 project of China 
(no. 2012AA022108), and the Synergy Innovation Center of Food Safety 
and Nutrition of China. 

REFERENCES 

1. Ainsworth S, Zomer A, de lager V, Bottacini F, van Hijum SA, Mahony 
I, van Sinderen D. 2013. Complete genome of Lactococcus lactis subsp. 
cremoris UC509.9, host for a model lactococcal P335 bacteriophage. Ge- 
nome Announc. I{l):e00119-12. doi;10.1 128/genomeA.00119-12. 

2. Kate H, Shiwa Y, Oshima K, Machii M, Araya-Kojima T, Zendo T, 
Shimizu-Kadota M, Hattori M, Sonomoto K, Yoshikawa H. 2012. 
Complete genome sequence of Lactococcus lactis lO-l, a lactic acid bacte- 
rium that utilizes xylose and produces high levels of L-lactic acid. ]. Bac- 
teriol. 194:2102-2103. 

3. Gao Y, Lu Y, Teng KL, Chen ML, Zheng HI, Zhu YQ, Zheng 1. 2011. 
Complete genome sequence of Lactococcus lactis subsp. lactis CV56, a pro- 
biotic strain isolated from the vaginas of healthy women. ]. Bacterid. 
193:2886-2887. 



November/December 2013 Volume 1 Issue 6 e00962-13 



Genome Announcements 



genomea.asm.org 1 



Yang et al. 



4. Morita H, Toh H, Oshima K, Yoshizaki M, Kawanishi M, Nakaya K, 
Suzuki T, Miyauchi E, Ishii Y, Tanabe S, Murakami M, Hattori M. 
2011. Complete genome sequence and comparative analysis of the fish 
pathogen Lactococcus garvieae. PLoS One 6:e23184. doi:10.1371/journal 
.pone.0023184. 

5. Jimenez E, Martin R, Maldonado A, Gomez de Segura A, Fernandez L, 
Rodriguez JM. 2010. Complete genome sequence of Lactobacillus salt- 
varius CECT 5713, a probiotic strain isolated from human milk and infant 
feces. J. Bacteriol. 192:5266-5267. 

6. Altermann E, Russell WM, Azcarate-PerU MA, Barrangou R, Buck BL, 
McAuliffe O, Souther N, Dobson A, Duong T, CaUanan M, Lick S, 
Hamrick A, Cano R, Klaenhammer TR. 2005. Complete genome se- 
quence of the probiotic lactic acid bacterium Lactobacillus acidophilus 
NCFM. Proc. Natl. Acad. Sci. U. S. A. 102:3906-3912. 

7. Pridmore RD, Berger B, Desiere F, VUanova D, Barretto C, Pittet AC, 
Zwahlen MC, Rouvet M, Altermann E, Barrangou R, MoUet B, Mer- 
cenier A, Klaenhammer T, Arigoni F, ScheU MA. 2004. The genome 
sequence of the probiotic intestinal bacterium Lactobacillus johnsonii 
NCC 533. Proc. Natl. Acad. Sci. U. S. A. 101:2512-2517. 

8. Stahl B, Barrangou R. 2013. Complete genome sequence of probiotic 
stmin Lactobacillus acidophilus La- 14. Genome Announc. I(3):e00376-13. 
doi: 1 0. 1 1 28/genomeA.00376- 13. 

9. Bolotin A, Quinquis B, Ehrlich SD, Sorokin A. 2012. Complete genome 
sequence of Lactococcus lactis subsp. cremoris A76. J. Bacteriol. 194: 
1241-1242. 



10. Fukao M, Oshima K, Morita H, Toh H, Suda W, Kim SW, Suzuki S, 
Yakabe T, Hattori M, Yajima N. 2013. Genomic analysis by deep se- 
quencing of the probiotic Lactobacillus brevis KB290 harboring nine plas- 
mids reveals genomic stability. PLoS One 8:e60521. doi:10.1371/journal 
.pone.0060521. 

11. Delcher AL, Bratke KA, Powers EC, Salzberg SL. 2007. Identifying 
bacterial genes and endosymbiont DNA with Glimmer. Bioinformatics 
23:673-679. 

12. Aziz RK, Bartels D, Best AA, Dejongh M, Disz T, Edwards RA, Formsma 
K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman 
AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch 
GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 

2008. The RAST server: rapid annotations using subsystems technology. BMC 
Genomics 9:75. doi:10.1186/1471-2164-9-75. 

13. Zhang ZY, Liu C, Zhu YZ, Zhong Y, Zhu YQ, Zheng HJ, Zhao GP, 
Wang SY, Guo XK. 2009. Complete genome sequence of Lactobacillus 
plantanim JDMl. J. Bacteriol. 191:5020-5021. 

14. Kurtz S, Phillippy A, Delcher AL, Smoot M, Shumway M, Antonescu C, 
Salzberg SL. 2004. Versatile and open software for comparing large ge- 
nomes. Genome Biol. 5:R12. doi;10.1 186/gb-2004-5-2-rl2. 

15. Huson DH, Bryant D. 2006. Application of phylogenetic networks in 
evolutionary studies. Mol. Biol. Evol. 23:254-267. 

16. Darling AE, Mau B, Perna NT. 2010. progressiveMauve: multiple ge- 
nome alignment with gene gain, loss and rearrangement. PLoS One 
5:el 1 147. doi:10.1371/journal.pone.001 1 147. 



2 genotmea.asm.org 



Genome Announcements 



November/December 2013 Volume] Issue 6 e00962-13 



